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RESUMEN
Reutilización de tierras decolorantes desactivadas
desechadas para la decoloración de aceites.
Tierra decolorante desechada, fue empleada, tras su reacti-
vación para decolorar aceites de girasol, soja y maíz. La eficiencia
de la tierra decolorante reactivada fue comparada con la de la vir-
gen activada. La tierra reactivada ácida (pH 2,5-3) tuvo ligeramen-
te mayor contenido en silicona que la tierra virgen o la reactivada
neutra. Los mejores resultados en el color de los aceites de gira-
sol y maíz fueron obtenidos cuando se emplearon niveles del 1 y
2% de tierra reactivada neutra (pH 6-7). La tierra ácida reactivada,
usada al 2% consiguió una mayor reducción del color del aceite
de soja, que una misma dosis de tierra virgen (pH 3). Ambas tie-
rras reactivadas redujeron el índice de peróxidos, hierro, dienos
conjugados y jabón de los aceites, mientras que hicieron aumen-
tar la acidez y los trienos conjugados. Además, estas tierras reac-
tivadas determinaron mayores descensos en los periodos de
inducción del aceite que la tierra virgen. Las tierras reactivadas
podrían ser usadas durante 5 ciclos para la decoloración de acei-
tes de soja y girasol y durante más de 6 ciclos con aceite de gira-
sol.
PALABRAS-CLAVE: Activación de tierra decolorante usada
- Reciclado de tierras decolorantes desactivadas - Tierras deco-
lorantes desactivadas y desechadas.
SUMMARY
Reuse of discarded deactivated bleaching earth in the
bleaching of oils.
Discarded bleaching earth was used after its reactivation for
the bleaching of sunflower, soybean and corn oils. The efficiency
of reactivated bleaching earth was compared to the efficiency of
virgin activated bleaching earth. Acid reactivated earth (pH 2.5-3)
had a slightly higher content in silicone than virgin activated or
neutralized reactivated earths. The best results in the color of
sunflower and corn oils were obtained when neutralized earth (pH
6-7) was used at 1 and 2 % levels. Acid reactivated earth used at
2 % achieved a higher reduction in soybean oil color than virgin
earth (pH 3) at the same dosage. Both reactivated earths reduced
peroxide value, iron, conjugated dienes and soap, while they
increased acidity and conjugated trienes. Furthermore, these
reactivated earths determined higher decrements in the oil
induction period than virgin earth. Reactivated earth could be
used for 5 cycles for the bleaching of soybean or corn oils and for
more than 6 cycles for sunflower oil.
KEY-WORDS: Activation of spent bleaching earth - Dis-
carded deactivated bleaching earth - Recycling of deactiva-
ted bleaching earth.
1. INTRODUCTION
Bleaching is recognized as one of the most
important steps in edible oil processing (Mag, 1990;
Micheal et al., 1992). According to Brimberg (1982),
Young (1987), Abul Kalam and Joshi (1988), and
Topallar (1998), bleaching is used daily in refining
practices and aims not only at the removal of coloring
bodies, pigments, etc., but also at the removal of
residual amounts of phospholipids, mucilage,
oxidized tri – or partial acyl – glycerols, metal traces
in ionizable and non – ionizable (complexed) forms,
and soap traces which survived the washing of the
neutralized oil. Waldmann and Eggers (1991)
reported that montmorillonite is the starting material
for all activated bleaching clays. While Segers (1992)
cited that the bulk of natural bleaching earths
consists of complex silicates with aluminum ions.
Kaufmann (1968) and Hoffmann (1989) reported
that bleaching earths are subdivided into two groups:
the naturally active clays form one group, and the
highly active clays form another. Waldmann and
Eggers (1991) mentioned that to make clay suitable
for bleaching purposes, montmorillonite is subject to
acid treatment, which replaces cations by protons
and partially dissolves the original crystal structure.
On the other hand, many other processes for the
regeneration of bleaching earth have been patented
(Abul Kalam and Joshi, 1988). Anderson (1996)
suggested that spent clay can be used as asphalt
additive, replacement for plastic parts in refractories,
in cement manufacturing, soil stabilizers and road
foundation. In Egypt, spent bleaching earth is not
used in any manufacturing, so this discard causes
some problems for the environment.
According to The Chamber of Food Industries,
Egyptian Industries Federation (The Egyptian
Industry Ministry, 2002a), the production volume
from oils and fats in 2001/2002 was about 650.000
tons. On the other hand, all activated bleaching
earths are imported to Egypt from China, Germany
and Indonesia. The percentage of activated
bleaching earth used for oil bleaching ranges from 1
to 2 % of the oil weight. Therefore, the imported
amounts from activated bleaching earth to Egypt
ranged from 6500 to 13000 tons in 2001/2002 for
bleaching the entire 650.000 tons. Respectively, the
price of imported activated bleaching earth is about
$500.00 per ton (The Egyptian Industry Ministry,
2002b). Hence, if discarded deactivated bleaching
earth can be reused (after reactivation) for oil
bleaching, it will reduce the imported amount of
activated bleaching earth and it will also reduce the
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production cost of oils at about 3.25 – 6.5 million
dollars per year. Therewithal, the reactivation cost of
spent bleaching earth in this study is very low. 
The purpose of the present research was to reuse
spent bleaching earth (discarded deactivated
bleaching earth) after its bleaching in the oil
bleaching process and to reduce the production cost
of oils as well as to reduce environmental pollution
from this waste by reusing it in a beneficial manner
and, at the same time, to reduce imported amounts
of activated bleaching earth to Egypt.
2. MATERIALS AND METHODS
2.1. Materials
Neutralized sunflower and soybean oils were
brought from the Cairo Oils and Soaps Company
(Aiat factory, Giza, Egypt) while neutralized corn oil
was supplied by the Egyptian Company for Starch
and Glucose (Cairo, Egypt). These oils were used as
substrates in the bleaching tests.
Virgin activated bleaching earth (as a reference)
was obtained from the Cairo Oils and Soaps
Company (Aiat factory, Giza, Egypt), which was
imported from Germany (Table I).
A discarded deactivated bleaching earth was also
taken from the Cairo Oils and Soaps Company (Aiat
factory, Giza, Egypt), which contained 40 % oil and
10.5 % moisture. It had a repulsive odor. 
N – hexane (60 – 80oC) and some materials used
for the reactivation of discarded deactivated
bleaching earth were brought from the EL-Gomhoria
Company for Pharmaceutical (Cairo, Egypt).
2.2. Methods
Determination of physical and chemical
properties of the oils used in this study 
Acidity (%) as oleic acid, peroxide value (eq. O2 /
Kg oil), iron (ppm), phosphorus (ppm) and soap
(ppm) in sunflower, soybean and corn oils were
performed according to the methods described in the
A. O. C. S. (1997), while conjugated dienes and
trienes (absorbance E1%
 1 cm at 232 and 270 nm,
resp.) were estimated according to the methods
found in the FAO / WHO (1970) by using U.V.– Vis.
Spectrophotometer, Model Labomed, 120-02. The
color of oils was measured by Lovibond tintometer,
Model E, using 5.25 inch cell following the method
reported in the A.O.C.S. (1993). 
The per cent color reduction was calculated using
the equation of Krishnan (1975).
Determination of chemical composition of virgin
activated and reactivated bleaching earths 
Silicone (SiO2), aluminum (Al2O3), iron (Fe2O3),
sodium (Na2O), calcium (CaO), potassium (K2O) and
magnesium (MgO) in each of the virgin activated and
reactivated bleaching earths were measured
according to the methods reported by Jackson,
(1967) and Loranz, et al., (1980) by using Atomic
Absorption Spectrometers (Perkin-Elmer 372 and
Perkin-Elmer 3300).
The moisture content in both virgin activated and
reactivated bleaching earths was determined using
an electric oven at 105oC for 3 hrs. while their pH
values were estimated using pH Meter HI-9321
Reactivated bleaching earthsMinerals com pounds (% ) Virgin  activated
bleaching earth
( pH = 3 )
( pH =2.5 – 3.0) ( pH = 6 - 7)
Silicone [ S iO 2 ] 68.3 68.8 66.9
A lum inum [Al 2  O 3 ] 16.4 16.2 17.3
Iron [Fe 2 O 3 ] 3 .9 3.8 3.9
Sodium  [ Na 2 O ] 0.4 0.4 0.5
Calc ium  [ Ca O] 1.2 1.3 1.3
Potassium  [ K 2  O  ] 0 .5 0.5 0.6
M agnesium  [ Mg O  ] 1 .3 1.3 1.4
Characters
M oisture(% ) 10.0 10.0 10.0
pH value
(10 %  suspension in d istilla ted
water)
3.0 2.5 – 3.0 6 – 7
Particle  s ize passing through
200 m esh (74 m icron) sieve (% ) 85 85 85
Table I
Effect of reactivation of discarded deactivated bleaching earth on its chemical composition
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(Hanaa Instruments) according to the method
described by Anthony and Ogugua (1988).
Determination of oxidative stability of the
bleached oils
The determination of the oxidative stability of the
bleached oils was performed according to the
method described by Tsaknis et al., (1999) using
Metrohm Rancimat 679 at 100oC with an air flow of
20 L / h.
Reactivation of discarded deactivated bleaching
earth
About 500 gr. of spent bleaching earth was milled
and soaked in 2 liters n-hexane (60–80oC) for 24 h at
room temperature to remove the residual oil and also
to obtain defatted spent bleaching earth. Defatted
deactivated bleaching earth was reactivated using
several procedures (Patent, 2002). After that, the
resultant reactivated bleaching earth was acidic or
neutral. The reactivated bleaching earth was dried in
an electric oven at 105oC to reach a moisture content
of about 10 ± 1 % and pulverized to a fine powder in
pestle and mortar to its original particle size (about
85 % reactivated bleaching earth passing through 74
micron sieve 200 mesh). The reactivated bleaching
earths were analyzed and tested for bleachability. 
The bleachability test for reactivated bleaching
earth
The reactivated bleaching earth was tested for
bleachability by using the method described by
Rolando (1991) with some modifications as follows:
Different dosages from reactivated bleaching earth
(1.0, 1.5 and 2.0 % from the oil weight) were
separately added to each of neutralized sunflower,
soybean and corn oils at a temperature of 95 ± 1oC
and the mixture was stirred at 250 rpm for 30 min
under vacuums (25-30 mm/Hg) in a Rotary
evaporator. After that, the mixture (the hot oil and
reactivated bleaching earth) was cooled at 50 ± 1oC
and filtered through filter paper Whatman no 1 to
separate the clay from the bleached oil and at the
same time to return this discard for reusing it in the oil
bleaching after its activation. The bleached oils were
analyzed for their physical and chemical properties.
Virgin activated bleaching earth was used for
bleaching the oils (as a reference) according to the
method described above.
3. RESULTS AND DISCUSSION
Bleaching clay performs not only color removal,
but also the removal of trace metals, adsorption of
phospholipids and soap, and decomposition of
oxidation products such as peroxides (Nnadozie et
al., 1989; Hui, 1996).
3.1. Effect of reactivation of discarded
     deactivated bleaching earth on its
     chemical composition
Bleaching clay is a general term for a clay-like
substance, water containing aluminosilicates
containing various proportions of magnesium,
calcium and iron (Waldmann and Eggers, 1991). The
effect of activation on the chemical components of
the reactivated bleaching earth is evident from the
results presented in Table I. It can be noted that acid
reactivated bleaching earth (pH 2.5-3) had a slightly
higher amount of silicone and a lower content of
aluminum (68.8 and 16.2%, resp.) than neutralized
reactivated bleaching earth (pH 6–7) which were
66.9 and 17.3%, respectively. These differences are
closely related to the variation in pH value. These
results are the same as those found by Kheok and
Lim (1982) who reported that the initial increase in
bleaching ability with increasing sulfuric acid addition
is due to net charges in the clay. Also, the results
showed that silicone was the main mineral present,
followed by aluminum for virgin activated and
reactivated bleaching earths but at different levels.
Also, the results shown that the contents of other
minerals in acid reactivated bleaching earth (pH =
2.5–3) were somewhat equal to those obtained in virgin
bleaching earth (pH = 3) but they were slightly higher
than those found in the neutralized reactivated
bleaching earth (pH = 6–7). These data agree with
those recorded by Kheok and Lim (1982) who
pointed out that the activation of montmorillonite with
mineral acids dissolve some impurities such as
aluminum, ferrous and ferric iron and magnesium. 
The other parameters pertaining to moisture, pH
value and particle size of reactivated bleaching earth
are somewhat similar to those found in virgin
activated bleaching earth. According to Hoffmann
(1989), the moisture content of bleaching earth is
generally 10%.
3.2. Effect of pH value of virgin activated and
     reactivated bleaching earths on the
     color of bleached oils
Figure 1 and Table II give the changes in color and
total color of sunflower, soybean and corn oils treated
separately with either virgin activated or reactivated
bleaching earths (which had different pH values). From
these data, it can be found that the bleaching of
sunflower oil with neutralized reactivated bleaching
earth (pH = 6-7) produced a reduction of 82.4% in the
total color compared to those obtained by acid
reactivated bleaching earth (pH = 2.5–3) and virgin
activated bleaching earth (pH = 3) which were 74.4
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and 74.5%, respectively. These values are similar to
those mentioned by Hoffmann (1989).
Also, the data showed that acid reactivated
bleaching earth (pH = 2.5-3) produced a higher
reduction in the color of soybean oil than that done by
neutralized reactivated bleaching earth (pH = 6 – 7).
These differences are perhaps related to the fact that
acid reactivated bleaching earth is more effective in
color reduction of the oil, containing a high content of
chlorophyll, than neutralized reactivated bleaching
earth. These data are in agreement with the findings
of Hoffmann (1989), who cited that oils (which have a
high content of chlorophyll) treated with acid
activated bleaching earth have a much lower residual
color than do those treated with an earth of natural
activity. 
According to Loncin (1970) and Hui (1996) from 5
– 20 % reduction in the red color of soybean, canola
and palm oils occurred during the bleaching with acid
activated bleaching earth, so a breakdown occurs in
chlorophyll and carotene. The increase in adsorption
activity of clays after acid treatment is explained to be
due to the weakness of the Si-O bonds in the clay
structure. 
The results displayed in Table II show that
neutralized reactivated bleaching earth (pH = 6 – 7)
produced a high reduction of about 33.7 % in total
color of corn oil during the bleaching compared to
acid reactivated bleaching earth (pH = 2.5 – 3) which
gave a low reduction in the total color (24.2 %) at the
same dosage (2%). These results are similar to those
recorded by Boki et al. (1991) and Hui (1996) who
revealed that differences in physical and chemical
properties of activated carbons cause differences in
activity for reducing color.
From the aforementioned results, it can be clear
that neutralized reactivated bleaching earth (pH = 6 –
7) was more effective in reducing the color of
sunflower and corn oils than acid reactivated
bleaching earth (pH = 2.5 – 3). On the other hand,
the most effective in the reduction of soybean oil
color was the acid reactivated bleaching earth (pH =
2.5 – 3), so the pH value of reactivated bleaching
earth plays an important role in bleaching efficiency.
3.3. Effect of dosages of virgin activated and
     reactivated bleaching earths on color of
     the bleached oils
The quantity of activated bleaching earth required
for oil bleaching depends on the quality of the oil,
activity of the earth and process conditions, and is
normally between 0.5 and 2.0 per cent of the oil
weight (Brimberg, 1982; Hoffmann, 1989). From the
data listed in Table III, it can be seen that the highest
reduction in total color of sunflower oil was observed
after bleaching with 2 % neutral reactivated
bleaching earth (pH 6 – 7). On the other hand, 1 % of
neutral reactivated bleaching earth (pH 6 – 7)
produced a reduction in total color (Total color =
12.5) similar to that obtained with 2 % from the same
bleaching earth (Total color = 8.0). These results are
better than those obtained with either acid
reactivated bleaching earth (pH 2.5 – 3) or virgin
activated bleaching earth (pH 3) at the same
dosages. It is also clear that 2 % acid reactivated
bleaching earth (pH 2.5 – 3) used for the bleaching of
soybean oil produced a high reduction in total color
(Total color = 60.0) compared with that obtained by
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Figure 1.- Effect of pH value of reactivated bleaching earth on total color of sunflower, soybean and corn oils.
Total color of sunflower oil Total color of soybean oil Total color of corn oil
1%reactivated  1% reactivated   1% virgin  Untreated
bleaching          bleaching           activated
earth (pH=6-7)  earth                  bleaching
                          (pH=2.5-3)        earth (pH=3)
   2%reactivated   2% virgin   2%reactivated  Untreated
   bleaching earth  activated    bleaching earth
   (pH=2.5-3)         bleaching   (pH=6-7)
                              earth
                             (pH=2.5-3)
   2%reactivated      2% virgin   2%re activated  Untreated
   bleaching earth     activated    bleaching earth
   (pH=6-7)               bleaching   (pH=2.5-3)
                                 earth (pH=3)
Figure 1
Effect of pH value of reactivated bleaching earth on total color of sunflower, soybean and corn oils.
Vol. 56. Fasc. 1 (2005) 37
Co
lo
r 
o
f n
eu
tr
al
iz
ed
su
n
flo
w
er
 
o
il
(B
ef
o
re
 b
le
ac
hi
n
g 
)
Co
lo
r 
o
f n
eu
tr
al
iz
ed
so
yb
ea
n
 
o
il 
( B
ef
o
re
bl
ea
ch
in
g 
)
Co
lo
r 
o
f s
o
yb
ea
n
 o
il 
tr
e
at
ed
w
ith
 
2%
 
re
ac
tiv
at
ed
 
bl
ea
c
hi
n
g
e
ar
th
Co
lo
r 
o
f n
e
u
tr
al
iz
ed
co
rn
 
o
il 
( B
ef
or
e
bl
ea
ch
in
g 
)
Co
lo
r 
o
f c
o
rn
 
o
il 
tr
ea
te
d 
w
ith
2%
re
ac
tiv
a
te
d 
bl
e
ac
hi
n
g 
ea
rt
h
Y
R
B
To
ta
l
co
lo
r
Y+
10
(R
+
B)
Y
R
B
To
ta
l
co
lo
r
Y+
10
(R
+
B)
Y
R
B
To
ta
l
co
lo
r
Y+
10
 
(R
+
B)
Co
lo
r
Re
du
c-
tio
n
 
(%
)
Y
R
B
To
ta
l c
ol
or
Y+
10
 
R+
B)
Y
R
B
To
ta
l
co
lo
r
Y+
10
(R
+
B)
Co
lo
r
re
du
ct
io
n
(%
)
20
5.
1
z
er
o
71
35
6.
5
1.
0
11
0
20
4.
0
Ze
ro
60
45
.4
35
6.
0
ze
ro
95
20
5.
2
ze
ro
72
24
.2
20
5.
1
z
er
o
71
35
6.
5
1.
0
11
0
20
4.
4
0.
2
66
40
.0
35
6.
0
ze
ro
95
20
4.
3
ze
ro
63
33
.7
20
5.
1
z
er
o
71
35
6.
5
1.
0
11
0
20
4.
1
0.
1
62
43
.6
35
6.
0
ze
ro
95
20
4.
9
ze
ro
69
27
.4
Pa
ra
m
et
er
Re
a
ct
iv
a
te
d
bl
ea
ch
in
g 
ea
rth
 
(pH
 
=
 
2.
5-
3)
Re
a
ct
iv
a
te
d
bl
ea
ch
in
g 
ea
rth
 
(pH
=
 
6-
7 
)
Vi
rg
in
 
ac
tiv
at
ed
bl
ea
ch
in
g 
ea
rth
 
(pH
 
=
 
 
3)
Ta
ble
 
II
Ef
fe
ct
 o
f p
H 
va
lu
e 
o
f v
irg
in
 a
ct
iv
at
ed
 a
nd
 re
ac
tiv
at
ed
 b
le
ac
hi
n
g 
ea
rt
hs
 o
n 
co
lo
r 
o
f t
he
 
bl
ea
ch
ed
 
o
ils
No
te
: Y
 =
 
Ye
llo
w
 
; R
 =
 
Re
d;
 
B 
= 
Bl
ue
38 Grasas y Aceites
Ta
bl
e 
III
Im
pa
ct
 o
f d
o
sa
ge
s 
o
f v
irg
in
 
ac
tiv
at
ed
 a
n
d 
re
ac
tiv
at
ed
 b
le
ac
hi
n
g 
ea
rt
hs
 o
n
 
co
lo
r 
o
f t
he
 b
le
ac
he
d 
o
ils
R
ea
c
tiv
a
te
d 
bl
e
ac
hi
n
g 
ea
rt
h
Co
lo
r 
o
f t
he
n
e
u
tr
al
iz
ed
 
o
il
(B
e
fo
re
 
th
e
bl
ea
ch
in
g)
Vi
rg
in
 
ac
tiv
at
ed
 
bl
ea
ch
in
g 
ea
rt
h 
 
pH
=
 3
pH
=
2.
5-
3
pH
=
6-
7
Do
sa
ge
s 
of
 
bl
e
ac
hi
ng
e
a
rth
 
(%
 
fro
m
 
th
e
 o
il 
w
e
ig
ht
 
)
ze
ro
1.
0
1.
5
2.
0
1.
0
1.
5
2.
0
1.
0
1.
5
2.
0
Ye
llo
w
20
.
0
8.
1
7.
0
7.
0
8.
1
7.
0
6.
9
6.
5
6.
4
6.
0
R
ed
5.
1
1.
0
0.
5
0.
4
1.
0
0.
4
0.
4
0.
6
0.
3
0.
2
Co
lo
r 
o
f
su
n
flo
w
er
 
oi
l
Bl
u
e
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
To
ta
l c
ol
o
r
71
.0
18
.1
12
.0
11
.
0
18
.
1
11
.0
10
.9
12
.5
9.
4
8.
0
Ye
llo
w
35
.
0
20
.
0
20
.
0
20
.0
20
.0
20
.
0
20
.
0
20
.
0
20
.0
20
.0
R
ed
6.
5
5.
1
4.
8
4.
1
5.
2
4.
9
4.
0
5.
4
5.
1
4.
4
Co
lo
r 
o
f
so
yb
ea
n
 o
il
Bl
u
e
1.
0
0.
5
0.
4
0.
1
0.
6
0.
5
Ze
ro
0.
7
0.
5
0.
2
To
ta
l c
ol
o
r
11
0.
0
76
.
0
72
.0
62
.
0
78
.
0
74
.0
60
.0
81
.0
76
.
0
66
.
0
Ye
llo
w
35
.
0
20
.
0
20
.
0
20
.0
20
.0
20
.
0
20
.
0
20
.
0
20
.0
20
.0
R
ed
6.
0
5.
6
5.
2
4.
9
6.
0
5.
8
5.
2
5.
0
4.
7
4.
3
C
o l
o
r 
o
f c
o
rn
o
il
Bl
u
e
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
ze
ro
To
ta
l c
ol
o
r
95
.0
76
.0
72
.0
69
.
0
80
.
0
78
.0
72
.0
70
.0
67
.
0
63
.
0
Vol. 56. Fasc. 1 (2005) 39
using 1% of the same earth (Total color = 78.0).
These reductions were somewhat similar to those
obtained by the same dose levels of virgin activated
bleaching earth (pH = 3). These results are better
than those obtained by using neutral reactivated
bleaching earth (pH 6 – 7) at the same dosages. The
color of corn oil recorded a high reduction after
bleaching it with 2 % neutral reactivated bleaching
earth (pH = 6 – 7) compared with the same earth but
at the lowest dosage (1%). These results are in
agreement with those found by Kheok and Lim
(1982) and Nnadozie et al. (1989) who reported that
an increase in clay dosage would be expected to
lead to an increase in color reduction.
It can be concluded that for sunflower oil, about
1% neutral reactivated bleaching earth (pH = 6 – 7)
was generally the best dose, giving the high
reduction in color. While for soybean oil, 2 % acid
reactivated bleaching earth (pH = 2.5 – 3) was the
best dose used to achieve a light color. As for corn
oil, 2 % neutral reactivated bleaching earth (pH 6 – 7)
was the best dosage used to provide a high
reduction in color.
3.4. Effect of the bleaching with reactivated
     bleaching earth on some properties of
     the oils used
 Efficient bleaching requires measurements such
as red color, peroxide value, free fatty acid content,
iron concentration, and conjugation values (Mag,
1990).
The changes in levels of acidity, peroxide value,
iron, phosphorus, conjugated dienes and trienes,
and soap of sunflower, soybean and corn oils before
and after their bleaching (with either virgin activated
bleaching earth or reactivated bleaching earth) are
shown in Table IV. From these results, it can be
concluded that the acidity values of sunflower,
soybean and corn oils treated with virgin activated
bleaching earth (pH = 3) undergo a slight increase.
This increase also occurs in soybean oil after
bleaching it with acid reactivated bleaching earth (pH
= 2.5 – 3). These results agreey with those reported
by Morgan et al. (1985) and Hoffmann (1989) who
reported that free fatty acids increase in the bleached
oil with acid bleaching earth. On the other hand, no
changes in the acidity values of sunflower and corn
oils before and after their bleaching with neutralized
reactivated bleaching earth (pH = 6 – 7) were
observed. This datum is in agreement with that found
by Hong et al. (2000) who revealed that acid treated
soy hull carbon reduced free fatty acids adsorption
relative to non activated soy hull carbon. On the
contrary, high reductions were found in peroxide
values of the above oil after their bleaching with all
kinds of bleaching earths. These data agree with
those presented by Young (1987), Boki et al. (1989)
and Mag (1990) who showed that oxidation levels
are reduced by the breakdown of hydroperoxide
primary oxidation product on the adsorbent surfaces
such as bleaching earth. Boki et al. (1989) suggested
that a decrease in peroxide value is due to the
decomposition of peroxides by the strongest acid on
the surface of bleaching earth.
Table IV again shows that the differences in pH
values of reactivated bleached earth had a minor
effect on soap content in the bleached oils in which
the highly acidic-reactivated bleaching earth
produced decreases in the soap content of the
bleached oils. These findings are in agreement with
those stated by Hoffmann (1989) and Anderson
(1996) who indicated that high acidity activated
bleaching earth causes splitting of the adsorbed
soap.
As to the iron in the above oils after their
bleaching, it is clear that bleaching by using either
virgin activated or reactivated bleaching earths
produced decrements in the levels of iron in all the
bleached oils. These values are in line with those
stated by The Egyptian Standard Specifications
(1993), which recommended that the level of iron in
refined, bleached and deodorized oil must be less
than 1.5 ppm. Iron is the major pro-oxidant metal to
be removed from oils in the course of the refining
process (Kheok and Lim 1982; Mag, 1990). Results
obtained by Tan et al. (1985) showed that traces of
iron and some other metallic contaminants greatly
favor color development in some fats, and certain
pigments are very refractory to ordinary refining and
bleaching treatments. A similar effect was observed
for the aforementioned oils after their bleaching (with
virgin activated or reactivated bleaching earths) in
which the phosphorus contents were declined.
These data agree with those expressed by Ostric et
al. (1980) and Kheok and Lim (1982) who reported
that oil treated with bleaching clay tends to give a
lower phosphorus content.
With regards to the E1%
 1 cm values of the bleached
oil samples, it is clear that the bleaching produced
decrements in the values of conjugated dienes and
at the same time slight increments in conjugated
trienes contents occurred in the bleached oils. These
data are the same as those reported by Morrison
(1975), Hoffmann (1989) and Topallar (1998) who cited
that bleaching increases the level of conjugated trienes
and reduces the content of conjugated dienes. Overall,
all the results tabulated in Table IV agree with those
established by Topallar (1998) who stated that
bleaching clay performs not only color removal but also
removes trace metals, adsorbs phospholipids and
soaps, and decomposes oxidation products such as
peroxides.
From the above findings, it can be concluded that
properties of the bleached oil samples with
reactivated bleaching earth are somewhat similar to
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those obtained using virgin activated bleaching
earth. 
3.5. Impact of the bleaching with virgin
     activated and reactivated bleaching
     earths on the Rancimat induction period
     of the bleached oils at 100oC 
Table V show the effect of bleaching by either
virgin activated or reactivated bleaching earths on
the Rancimat induction period of sunflower, soybean
and corn oils at 100 oC. It is clear that the induction
period of neutralized sunflower, soybean and corn
oils dropped after their bleaching. These reductions
may be due to the fact that some antioxidants were
adsorbed (removed) onto the surface of the
bleaching earth. These results are agreement with
those found by Ostric et al. (1980), Nnadozie et al.
(1989), Micheal and Ibrahim (1991), and Hui (1996),
who reported that the bleaching process decreases
the oxidative stability of oil.
It is clear that no big differences were observed in
the induction periods of either sunflower or corn oils
treated with either neutralized reactivated bleaching
earth (pH 6 – 7) or acid reactivated bleaching earth
(pH 2.5 – 3) compared with virgin activated bleaching
earth (pH = 3) (as a reference).
As to the stability of soybean oil treated with acid
reactivated bleaching earth (pH = 2.5 – 3) it was
somewhat higher than that found in the same oil
when bleached with neutralized reactivated
bleaching earth (pH = 6 – 7). These differences are
closely attributed to acid reactivated bleaching earth,
which produced a higher adsorption of chlorophyllic
compounds than neutralized reactivated bleaching
earth. These results are similar to those shown by
Hoffmann (1989) who cited that oil treated with acid
activated bleaching earth has a much lower residual
color (chlorophyllic and caratonoid) than the same
amount with an earth of natural activity. On the other
hand, Coultate (1989) recommended that
chlorophyllic compounds must be removed from the
oil to avoid rapid oxidation of the oil in the presence
of light.
3.6. Effect of reusable discarded deactivated
     bleaching earth after its reactivation on
     bleaching efficiency of the used oils
Table VI shows the effect of reactivation of
discarded deactivated bleaching earth on the
bleaching efficiency of sunflower, soybean and corn
oils. The results point out that the reactivated
bleaching earth, which used the same dosages
found in Table III, can be used for the bleaching of
sunflower oil in more than six cycles and only five
cycles for the bleaching of both soybean and corn
oils. This limitation is due to the red color for each
bleached soybean and corn oil (7.2 and 7.1,
respectively) which became over the limit recommended
by The Egyptian Standards Specifications (1993), which
stipulated that red color Lovibond of bleached oil must be
less than 7.0 in a 5.25 inch cell. These results are the
same as those reported by Abul Kalam and Joshi
(1988) who found that the degree of regeneration of
spent earth reduced according to the number of
cycles. 
Hence, from the aforementioned data, it could be
concluded that reactivated bleaching earth can be
used for the bleaching of oils till red color (Lovibond)
of the bleached oil reaches 7 red. Hence, it can be
recommended that the reactivated bleaching earth
can be used for 5 cycles of bleaching for both
soybean and corn oils and for more than 6 cycles for
the bleaching of sunflower oil (note that the recycled
bleaching earth must be reactivate after each use).
This produced a high reduction in the colors.
4. CONCLUSIONS
It could be concluded that reactivated bleaching
earth was suitable for the bleaching of sunflower,
soybean and corn oils which gave similar results
when compared to those obtained from virgin
activated bleaching earth, which produced great
color reduction with high stability in the bleached oils.
Therefore, it could be recommended that discarded
deactivated bleaching earth were reused after its
reactivation for the bleaching of oils. 
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